The aim of the present study was to investigate the effect of Lycium barbarum polysaccharides (LBP) on the treatment of ITP mice and to explore its mechanism. Forty idiopathic thrombocytopenic purpura (ITP) mice were divided randomly into a model control group and LBP groups I, II, III and IV. ITP mice in LBP groups I, II, III, and IV were administered LBP at four different doses (50, 100, 200 and 400 mg•kg −1 •d −1 , respectively) for 7 days by gavage. Blood samples were collected from the tail veins of the mice after treatment. Platelet counts were determined, and the total antioxidant status (TAS), total oxidant status (TOS) were measured with ELISA kits. The platelet count was (30.28 ± 13.42) × 10 9 /L in the model control group, and the number of platelets in all LBP groups was higher than that in the model control group. The platelet count increased, and it reached (67.09 ± 10.81) × 10 9 /L in LBP group I; the platelet counts in the other three groups increased significantly compared to LBP group I, and they did not differ significantly. TAS concentrations in the LBP groups were significantly increased compared to the model control group, whereas TOS concentrations were significantly decreased. Taken together, these results indicate that LBP is effective at increasing the number of platelet (PLT), and LBP may treat ITP mice via suppressing oxidative stress.
Introduction
Idiopathic thrombocytopenic purpura (ITP) is defined as an isolated low platelet count with normal bone marrow and the absence of other causes of thrombocytopenia [1] . Lycium barbarum is wildly used both as a kind of medicinal herb and as a kind of food additive in many Asian countries, and Lycium barbarum polysaccharides (LBP), as a major cell component, has been reported to have many beneficial effects including anti-aging, neuroprotection, immune modulation, and anticancer properties. LBP has great potential use as a food supplement in the prevention of hepatic diseases because LBP is effective at reducing necroinflammation and oxidative stress induced by chemical toxins [2] . At present, there is no literature report on the treatment of idiopathic thrombocytopenic purpura with LBP in the world. We reported earlier that oxidants increase and antioxidants decrease in patients with chronic ITP [3] . Therefore, we infer that Lycium barbarum polysaccharides can ameliorate oxidative stress in ITP. The purpose of this study was to investigate whether LBP administration could treat ITP and its possible mechanism effectively in ITP mice.
Materials and Methods

Materials
Forty male and female BALB/c mice aged 3 months and weighing 19 ± 3 g were used throughout the experiments. These mice were purchased from the Animal Center of Guangdong Medical College. LBP (Specification: 100 g; molecular weight: 1,112,100 D; lot number: 985626; Shanxi Ruikang Bioengineering Co., Ltd., China). Alzet micro-osmotic pump (model 1002; Alza, Palo Alto, CA). Sysmex automatic hemocyte analyzer (XS800i; Sysmex Shanghai Ltd.). Anti mouse platelet membrane glycoprotein (GPIIb/IIIa) monoclonal antibody (Specification: 0.5 mg, BD Pharmingen, USA). Enzyme-linked immunosorbent assay kit for TAS (Specification: 1 Kit, Sigma-Aldrich Co. USA). Enzyme-linked immunosorbent assay kit for TOS (Specification: 1 Kit, Sigma-Aldrich Co. USA).
Methods
ITP Mice Model
This experiment was approved by amimal ethics committee of Affiliated Hospital of Jining Medical College and it was conducted from August to November 2015 in Animal Center of Guangdong Medical College. Mice were maintained under a 12-hour light-dark cycle at a temperature of 20˚C ± 2˚C and a humidity of 55% ± 5%; they were fed a standard diet and given access to water (4 to 7 ml per day). A clinically more relevant model for testing LBP was obtained as follows, Anti mouse platelet membrane glycoprotein (GPIIb/IIIa) monoclonal antibody (MWReg 30) was continuously infused using an osmotic pump which was implanted into the subcutaneous tissue of mice with a pumping rate of 0.25 ml/h for 2 weeks. Blood samples were gotten under anesthesia at 0, 4, 5, and 6 days to determine the platelet count [4] [5]; Sysmex XS800i automatic hemocyte analyzer was used. A chemical called EDTA was added to freshly-collected blood specimens to prevent clotting before the test began, and it was used to detect platelet counts.
Treatment of ITP Mice with LBP
After the ITP mice model was successfully established, the mice were divided into 5 groups randomly using the random number table method after the model was built, which included a model control group, LBP group I, LBP group II, LBP group III and LBP group IV. There were 8 mice per group, and all of them were included in the results analysis. LBP was dissolved in different concentrations using distilled water according to the weight of mice. Mice in LBP group I, LBP group II, LBP group III and LBP group IV were administered LBP at a dose of 50, 100, 200 and 400 mg•kg −1 •d −1 per mouse, respectively, by gavage daily for 7 days, then blood samples were taken under anesthesia from the tail veins of the mice and PLT, TAS and TOS were determined. PLT was determined as follows: Click the "manual" button of XS800i Sysmex automatic hemocyte analyzer, select the "CBC" analysis mode and the sample pre dilution "yes" mode, click OK, then mix the sample well, press the "start" button to start analyzing the sample.
Measurement of TAS and TOS
In vitro enzyme-linked immunosorbent assay kits (Sigma-Aldrich) for quantitatively detecting mouse TAS and C. Q. Jin et al.
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TOS in serum were used to detect the concentration of TAS and TOS respectively.
Statistical Analysis
All the experimental data were analyzed by SPSS 20.0 software (International Business Machines Corporation, Al Monk, New York, USA). The platelet counts and the concentrations of TAS and TOS in each experimental group and control group were expressed as the means ± SD, and measurement data differences between groups were compared by a t-test. Correlations between platelet count and TOS and TAS were conducted by a linear correlation.
Results
Platelet Counts in Peripheral Blood of Mice in Each Group
The platelet count was 30.28 ± 13.42 × 10 9 /L in the model control group, and the numbers of platelets in the LBP groups after treatment for 7 days were all higher than that in the model control group (see Figure 1 , all P < 0.05). Platelet numbers increased, reaching (67.09 ± 10.81) × 10 9 /L in LBP group I; platelet counts in the remaining groups (LBP groups II, III, and IV) increased significantly compared to LBP group I (t II-I = 9.53, t III-I = 6.57, t IV-I = 4.08, all P < 0.05), but they were not significantly different from each other (all P > 0.05), and the platelet counts reached a steady state of approximately 3 times the control at a dose of 100 mg•kg
. These results suggested an important role for LBP in curing ITP mice.
Serum Total Antioxidant Status (TAS) and Total Oxidant Status (TOS) Concentration in Each Group
TAS concentrations in the peripheral blood of mice administered with LBP for 7 days by gavage were significantly increased compared to the model control group (t I-c = 14.24, t II-c = 19.53, t III-c = 21.04, t IV-c = 22.68, all P < 0.05) (Figure 2) , whereas TOS concentrations in the peripheral blood of mice administered with LBP significantly decreased (t I-c = 10.24, t II-c = 12.06, t III-c = 12.14, t IV-c = 12.35, all P < 0.05) (Figure 3 ).
Correlation Analysis of Platelet Count, TAS and TOS
The correlation between platelet count and TAS was assessed in all groups. There is significant positive correlation between the platelet count and TAS (r = 0.989, P = 0.0005) (Figure 4) . Moreover, significant negative correlation existed between the platelet count and TOS (r = −0.952, P = 0.0009) ( Figure 5 ). Expression (mean ± SEM) of the concentration of TOS was studied in the model control group (C) or LBP group (including group I, group II, group III and group IV). The concentration of TOS in all LBP groups was lower than that in the model control group after treatment for 7 days (all P < 0.01). 
Discussion
Idiopathic thrombocytopenic purpura (ITP) is a bleeding disorder in which platelets are destroyed by the immune system. ITP is an autoimmune condition with antibodies detectable against several platelet surface antigens [6] . Corticosteroids, anti-D immunoglobulin, intravenous immunoglobulin, or immunosuppressive drugs were often used to cure the patients with very low counts or significant bleeding [7] . ITP occurs when certain immune system cells produce antibodies against platelets. The antibodies attach to the platelets. The spleen destroys the platelets that carry the antibodies [8] [9] ; thus, ITP is sometimes called immune thrombocytopenic purpura. Persons with the disease have too few platelets in their blood [10] . Platelet count in humans and other mammals is very important for prevention of minor bleeding and for other immunological functions [11] , but the exact molecular mechanism of ITP has not been fully known.
The polysaccharide in Ningxia wolfberry (Lycium bararum polysaccharides, LBP) is one of the important effective components. It consists of protein content which is very rare in vegetarian polysaccharides. LBP can regulate the differentiation and division of cells and control the growth of cells [12] [13] . Therefore, LBP has been used in healthy food processing and pharmacy manufacture widely.
LBP has many pharmacological functions and biological activities and is used to prevent and treat various chronic diseases, such as diabetes, male infertility, hypo-immune function, cancer, thrombosis, hepatitis and sexual behavior [14] - [18] . LBP was found to be comparable with the normal antioxidant vitamin C. Furthermore, adding vitamin C to the polysaccharide treatment further enhances the antioxidant activity of the polysaccharides in vivo [19] . We formerly reported that serum TAS, SOD, GSH, GSH-Px and CAT levels were significantly lower in patients with chronic ITP, while serum TOS, GSSG, NO, and MDA values were significantly higher. These findings indicated that oxidants increase in patients with chronic ITP, and these may be important factors in destroying the platelet membrane [3] . The research of free oxygen radicals provides a theoretical basis for treating ITP patients.
This study investigated the therapeutic effects of LBP treatment on ITP mice and its possible mechanism. We found that LBP significantly enhanced peripheral PLT recovery in ITP mice compared to the control group. The result indicated that LBP had a satisfactory therapeutic effect on ITP mice. TAS concentrations were significantly increased in the peripheral blood of mice administered with LBP, whereas TOS concentrations significantly decreased, indicating that LBP could treat ITP mice via suppressing oxidative stress. The reduction of oxidative stress may restore the immune system to normal in mice. Other specific mechanisms, such as if immune cells or immune molecules are involved in the healing of ITP, still need to be further explored. 
